Zinc-gallium oxynitride powders: effect of the oxide precursor synthesis route by F. D. Figueiredo, J. et al.
Zinc-gallium oxynitride powders: effect of the oxide
precursor synthesis route
J. F. D. Figueiredo, Vale´rie Bouquet, Ste´phanie De´putier, Odile
Merdrignac-Conanec, Isabelle Pe´ron, E. P. Marinho, A. G. Souza, I. M. G.
Santos, Maryline Guilloux-Viry, I. T. Weber
To cite this version:
J. F. D. Figueiredo, Vale´rie Bouquet, Ste´phanie De´putier, Odile Merdrignac-Conanec, Is-
abelle Pe´ron, et al.. Zinc-gallium oxynitride powders: effect of the oxide precursor synthesis




Submitted on 9 Jul 2013
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de























2[LQLWUHWRGH]LQFRHJiOLR IRLVLQWHWL]DGRSRUPHLRGDQLWUHWDomRGR=Q*D2REWLGRSHORPpWRGRGRVSUHFXUVRUHVSROLPpULFRV33 HSRU UHDomRQR HVWDGR VyOLGR 665)RL HVWXGDGDD LQÁXrQFLDGRPpWRGRGH VtQWHVHGRy[LGRSUHFXUVRU =Q*D2 QDVFDUDFWHUtVWLFDVGRFRPSRVWRÀQDO=Q*D21$FULVWDOL]DomRGR=Q*D2IRLREVHUYDGDDSyVWUDWDPHQWRWpUPLFRD&KSDUD665HD&KSDUD33VHPDSUHVHQoDGHIDVHVVHFXQGiULDVHPDPERVRVFDVRV(VWDVDPRVWUDVPRVWUDUDPGLIHUHQoDVQRWDPDQKRGHFULVWDOLWRHQDiUHDVXSHUÀFLDOHPYLUWXGHGRPpWRGRGHVtQWHVHHPSUHJDGR$SyVDQLWUHWDomRHPDPERVRVFDVRVIRLREWLGDDIDVHR[LQLWUHWR=Q*D21FRPHVWUXWXUDZXUW]LWDVLPLODUDR*D1(QWUHWDQWRHVWDIDVHVHIRUPDDWHPSHUDWXUDVPDLVEDL[DVTXDQGR33pXVDGR$PLFURHVWUXWXUDHDiUHDGHVXSHUItFLHHVSHFtÀFDGDVDPRVWUDVQLWUHWDGDVIRUDPIRUWHPHQWHLQÁXHQFLDGDVSHORPpWRGRGHVtQWHVHGRSUHFXUVRUHSHODWHPSHUDWXUDGHQLWUHWDomRPJHPJSDUDy[LGRVREWLGRVSRU33H665HWUDWDGRVD&UHVSHFWLYDPHQWH$DQiOLVHGDFRPSRVLomRPRVWURXXPDJUDQGHSHUGDGH=QSDUDDVDPRVWUDVGHULYDGDVGH33DTXDOpIDYRUHFLGDWDQWRSHODWHPSHUDWXUDGHDPRQyOLVHTXDQWRSHODiUHDGHVXSHUItFLHHVSHFtÀFDGRSUHFXUVRU3DODYUDVFKDYHR[LLWUHWRVVtQWHVHTXtPLFDSURSULHGDGHVGHVXSHUItFLH

ZLWK ,QDQGRU =Q ZDV DOVR UHSRUWHG IRU ZDWHU VSOLWWLQJXQGHUYLVLEOHOLJKWLUUDGLDWLRQ>@*DOOLXP R[\QLWULGH LV GHVFULEHG DV DQ LQWHUPHGLDWHEHWZHHQ *D1 DQG *D2 ZKLFK W\SLFDOO\ FU\VWDOOL]HV LQ DKH[DJRQDOZUW]LWHW\SHVWUXFWXUH>@,WLVXVXDOO\FRQVLGHUHG DV D SRO\W\SH RI *D1 0RUHRYHU LW SRVVHVVHVVRPH LQWHUQDO GLVRUGHU DQG ORZ FU\VWDOOLQLW\ DVVRFLDWHGWR R[\JHQ FRQWHQW 6LQFH ERWK *D1 DQG *D2 DUHWKHUPRG\QDPLFDOO\PRUH VWDEOH WKDQ WKHR[\QLWULGHSKDVHWKHQLWULGDWLRQRI*D2RUWKHR[LGDWLRQRI*D1GRQRW\LHOGWRDQR[\QLWULGHXQGHUWKHUPRG\QDPLFUHDFWLRQFRQWURO>@([SHULPHQWDO DQG WKHRUHWLFDO LQYHVWLJDWLRQV RQ WKH WHUQDU\V\VWHP*D21FRQÀUPHGWKDWQRFU\VWDOOLQHRUDPRUSKRXVR[\QLWULGH SKDVHV DSSHDU GXULQJ WKHVH UHDFWLRQV >@6\QWKHVLVRI*D21ZDVVXFFHVVIXOO\REWDLQHGE\QLWULGDWLRQXQGHU1+ÁRZRIRWKHUJDOOLXPSUHFXUVRUVVXFKDV*D2+>@RU1L*D2>@0QDQG/LGRSHG*D21ZHUHV\QWKHVL]HGE\QLWULGDWLRQRIDPRUSKRXVR[LGHVREWDLQHGE\WKHFLWUDWHURXWH>@=LQF JDOOLXP R[\QLWULGH KHUHDIWHU =Q*D21 SUHVHQWVKLJKLQWHUHVWIRUYLVLEOHOLJKWSKRWRFDWDO\WLFDFWLYLW\>@EXWLWPD\EHYHU\LQWHUHVWLQJDOVRIRUJDVVHQVLQJDSSOLFDWLRQV>@,WLVFOHDUO\REVHUYHGWKDWWKHFKRLFHRIWKHVWDUWLQJ PDWHULDOV DIIHFWV WKH SK\VLFRFKHPLFDO SURSHUWLHV)RUWKHVHPDWHULDOVPL[WXUHVRI=Q2*D2ZHUHXVHGDVVWDUWLQJPDWHULDO>@7KHXVHRIDPRUSKRXVR[LGHREWDLQHG E\ WKH FLWUDWH URXWH >@ RI FU\VWDOOLQH =Q*D2SUHSDUHGE\VROLGVWDWHUHDFWLRQRURIDPL[WXUHRI=Q*D2=Q2>@ZDVDOVRUHSRUWHG,Q WKLV FRQWH[W WKH LQÁXHQFH RI WKH V\QWKHVLV URXWHDQG WKXV RI WKH SK\VLFRFKHPLFDO SURSHUWLHV RI =Q*D2RQWKHFKDUDFWHULVWLFVRIWKHÀQDOFRPSRXQG=Q*D21ZDVLQYHVWLJDWHGLQWKLVSUHVHQWZRUN)RUWKHÀUVWWLPH=Q*D2SUHSDUHG E\ SRO\PHULF SUHFXUVRU PHWKRG ZDV XVHG DVQLWULGDWLRQSUHFXUVRUDQGFRPSDUHGWR=Q*D2SUHSDUHGE\WKHFRQYHQWLRQDOVROLGVWDWHUHDFWLRQ
(;3(5,0(17$/
6\QWKHVLVRIWKH=Q*D2SUHFXUVRUV
=Q*D2 SRZGHUV ZHUH SUHSDUHG E\ D FRQYHQWLRQDOVROLG VWDWH UHDFWLRQ 665 IURP D PL[WXUH RI DSSURSULDWHDPRXQWVRI=Q2$OID$HVDUDQG*D26WUHP&KHPLFDOVKHDW WUHDWHG LQ DLU EHWZHHQ &DQG & IRUK=Q*D2 SRZGHUV ZHUH DOVR V\QWKHVL]HG E\ D SRO\PHULFSUHFXUVRUPHWKRG33EDVHGRQWKH3HFKLQLSURFHVV>@,Q WKLVSUHVHQWZRUNJDOOLXPQLWUDWH6WUHPFKHPLFDODQG]LQFDFHWDWH6WUHPFKHPLFDOZHUHDGGHGLQWRDQDTXHRXVFLWULFVROXWLRQZLWKDUDWLR>FLWULFDFLGFDWLRQ@HTXDOWR>@LQPRO $IWHU WKHDGGLWLRQRIHWK\OHQHJO\FROZLWKDUDWLRRI>FLWULFDFLGHWK\OHQHJO\FRO@HTXDOWR>@LQPDVVWKHPL[WXUHZDVKHDWHGDW&XQGHUFRQWLQXRXVVWLUULQJDQGWKHREWDLQHGUHVLQZDVVXEPLWWHGWRWZRWKHUPDOWUHDWPHQWVLQDLU LSUHWUHDWPHQWDW& IRUK WRHOLPLQDWH WKHRUJDQLFPDWWHULLDQQHDOLQJDW&IRUKWRREWDLQWKHGHVLUHGSKDVH
1LWULGDWLRQRIWKHR[LGHSUHFXUVRUV
=Q*D2 SRZGHUV REWDLQHG E\ ERWK PHWKRGV ZHUHQLWULGHG LQ D WXEXODU IXUQDFH XQGHU DPPRQLD JDV ÁRZ RI/K IRUK IURP WR&ZLWKDKHDWLQJ UDWHRI  &PLQ DQG FRROLQJ DFFRUGLQJ WR WKH LQHUWLD RI WKHIXUQDFH$W &DK ORQJHU1+ WUHDWPHQWZDVDOVRH[SHULPHQWHG
&KDUDFWHUL]DWLRQ
2[LGH DQG R[\QLWULGH SRZGHUV ZHUH FKDUDFWHUL]HGE\ ;UD\ SRZGHU GLIIUDFWLRQ ;5' 3KLOLSV 3: GLIIUDFWRPHWHU &XNƠ UDGLDWLRQ 7KH *D=Q UDWLR ZDVREWDLQHG E\ HQHUJ\ GLVSHUVLYH VSHFWURVFRS\ ('6 ZLWK D-HRO-60VFDQQLQJHOHFWURQPLFURVFRSHHTXLSSHGZLWKDQ,6,62[IRUGDQDO\]HU7KHR[\JHQDQGQLWURJHQFRQWHQWVZHUHGHWHUPLQHGE\D/(&27&DQDO\]HUXVLQJ WKHLQHUW JDV IXVLRQ PHWKRG 7KH VSHFLÀF VXUIDFH DUHD ZDVPHDVXUHGE\WKH%UXQDXHU²(PPHWW²7HOOHU%(7WKUHHSRLQWPHWKRGXVLQJD0LFURPHULWLFV)ORZ6RUE,,LQVWUXPHQW%HIRUHPHDVXUHPHQWWKHVDPSOHVZHUHRXWJDVVHGXQGHU1+HÁRZDW&GXULQJPLQ7KHSRZGHUPLFURVWUXFWXUHREVHUYDWLRQVZHUHFDUULHGRXWLQD-60)ÀHOGHPLVVLRQVFDQQLQJHOHFWURQPLFURVFRSH)(6(0
5(68/76$1'',6&866,21
=Q*D2SUHFXUVRUV











ODWWLFH SDUDPHWHUV 7DEOH , DQG FRPSDWLEOH ZLWK -&3'6ÀOH  D    c 1R SHDN DVVLJQHG WR RWKHUSKDVHZDVREVHUYHG$VH[SHFWHGFU\VWDOOL]DWLRQRIWKH33VDPSOHVZDVPXFKHDVLHU WKDQ WKH665RQHV & K DQG  &   K UHVSHFWLYHO\ ,QGHHG D WUHDWPHQWEHORZ&IRUWKH665URXWHGLGQRWOHDGWRFU\VWDOOLQH=Q*D2QRWVKRZQKHUH7KHVHUHVXOWVDUHLQDJUHHPHQWZLWKOLWHUDWXUHGDWD)RULQVWDQFHWKHV\QWKHVLVRI=Q*D27EE\WKH3HFKLQLPHWKRGLQWKHVDPHWHPSHUDWXUHUDQJHZDV UHSRUWHG >@ ,Q WKLV FDVH JDOOLXP ZDV XVHG DV DSUHFXUVRULQVWHDGRIJDOOLXPQLWUDWH










IRU  K ZKDWHYHU WKH R[LGH SUHSDUDWLRQ PHWKRG ZLWKRXWIRUPDWLRQRIDQ\ LQWHUPHGLDWHSKDVHRUDPRUSKL]DWLRQ$QLQFUHDVHRIFU\VWDOOL]DWLRQLVREVHUYHGDWKLJKHUWHPSHUDWXUHV)LJ$W&WKHK*D1ZDVDOUHDG\REWDLQHGIRU33GHULYHG VDPSOH EXW ZLWK SRRU FU\VWDOOLQH TXDOLW\ ZKHUHDVDPL[WXUHRI WKHVSLQHOR[LGH=Q*D2ZLWKD IHZDPRXQWRIZUW]LWHZDVREVHUYHG IRU665GHULYHG VDPSOH ,Q WKLVODVW FDVH WKH SURYLGHG WKHUPDO HQHUJ\ ZDV QRW VXIÀFLHQWWR WRWDOO\ WUDQVIRUP WKH FXELF VWUXFWXUH RI =Q*D2 LQWR DK*D1HYHQIRUORQJHUKHDWWUHDWPHQWVK$VH[SHFWHGWKLVUHVXOWFRQÀUPVWKDWWKHPRUSKRORJ\DQGVSHFLÀFVXUIDFHDUHDRIWKHR[LGHSUHFXUVRULQÁXHQFHWKHQLWULGDWLRQWKUHVKROGWHPSHUDWXUH
7KH IRUPDWLRQ RI =Q*D21 IURP VSLQHO =Q*D2REWDLQHGE\VROLGVWDWHUHDFWLRQZDVGHVFULEHG>@DVVKRZQLQHTXDWLRQ$,QWKHSUHVHQWZRUNWKHSRURXVPRUSKRORJ\SUHVHQWHGE\33GHULYHGVDPSOHVIDYRUV WKH1+GLIIXVLRQLPSURYLQJWKHQLWULGDWLRQSURFHVV
ô[=Q*D2[1+J*D[=Q[1[2[[+2ô[=Q $[1ZLWK[)¼
7KH;5'SDWWHUQVREWDLQHGDIWHUQLWULGDWLRQDWDQGDERYH&DUHFRPSDUDEOHWRWKDWRI*D1H[FHSWIRUWKHSUHVHQFHRIDQDGGLWLRQDO ORZ LQWHQVLW\SHDNDURXQGRZKLFKFDQEHREVHUYHGIRUORQJHU;5'DFTXLVLWLRQURXWLQHVLQVHUWVRI)LJ7KHSUHVHQFHRIWKLVZHDNSHDNJHQHUDOO\DVVRFLDWHGZLWK WZR RWKHU SHDNV DW KLJK DQJOHV QRW VKRZQ KHUHVXJJHVWVWKHH[LVWHQFHRIDSRO\W\SHVWUXFWXUHFRPSRVHGE\D KH[DJRQDO DQG FXELF FORVHGSDFNHG DUUDQJHPHQW ZKLFKOHDGVWRDQLQFUHDVHLQXQLWFHOOSDUDPHWHUV7KHIRUPDWLRQ




















































RI WKLV SRO\W\SH LQ *D21 GHULYHG IURP 1L*D2 ZDVDOUHDG\UHSRUWHG>@EXWLWZDVQRWREVHUYHGIRU=Q*D21REWDLQHG IURP =Q*D2 >@ DPRUSKRXV SUHFXUVRUV >@RU PL[WXUHV RI =Q2  *D2 >@ 7\SLFDOO\ WKH SUHVHQFHRIWKHVHDGGLWLRQDOSHDNVLVDVVRFLDWHGZLWKDGLIIHUHQFHLQWKH UHODWLYH LQWHQVLWLHV RI WKH WKUHH ÀUVW GLIIUDFWLRQ SHDNV+RZHYHU LQ WKH SUHVHQW ZRUN WKH UHODWLYH LQWHQVLWLHV DUHFRPSDWLEOH ZLWK K*D1 VWUXFWXUH LQGLFDWLQJ WKH H[LVWHQFHRI DPDMRULW\RIKH[DJRQDO FORVHGSDFNLQJDQGDPLQRULW\RIFXELFFORVHGSDFNLQJ)RUHLWKHU33DQG665V\QWKHVLVWKH LQWHQVLW\ RI WKH DGGLWLRQDO SHDNV GHFUHDVHG ZKHQ WKHQLWULGDWLRQWHPSHUDWXUHLQFUHDVHGLQGLFDWLQJDQHYROXWLRQWRWKHSXUH*D1KH[DJRQDOW\SHVWUXFWXUH&RQVLGHULQJ WKHVH UHVXOWV DQG WKRVH UHSRUWHG >@ ZHKDYHFKRVHQWRLQGH[DOORIWKHUHÁHFWLRQVZLWKDKH[DJRQDOZUWL]WHW\SH VWUXFWXUH DFFRUGLQJ WR WKH -&3'6 ÀOH 7KLVFDUGLVUHODWHGWRDJDOOLXPR[\QLWULGHFRPSRXQGZLWKDVSDFHJURXS3PFDQGD D cDQGF F   c ZKHUH D DQG FDUH WKH *D1 SDUDPHWHUV7KHFDOFXODWHG ODWWLFH SDUDPHWHUV REWDLQHG IRU WKH VDPSOHVQLWULGHGDW&DQG&DUHVXPPDUL]HGLQ7DEOH,,)RUDQLWULGDWLRQDW&WKHDDQGFODWWLFHSDUDPHWHUVIRU WKH 33 DQG 665 GHULYHG VDPSOHV DUH ODUJHU WKDQ WKHYDOXHV UHSRUWHG IRU*D21>@7KHVH UHVXOWVDUHDWWULEXWHGWR WKH ELJJHU =Q  c FRPSDUHG WR  c IRU *D>@SUHVHQWLQRXUFRPSRXQGVDVVKRZQE\WKHHVWLPDWHGFRPSRVLWLRQV 7DEOH ,, FDOFXODWHG IURP WKH FKHPLFDODQDO\VLV,QERWKFDVHVWKHODWWLFHSDUDPHWHUVGHFUHDVHZLWKWKHLQFUHDVLQJRIWKHQLWULGDWLRQWHPSHUDWXUHEHFDXVHRIWKH=QORVV1RWHWKDWWKHVDPHQLWULGDWLRQWHPSHUDWXUHWKH33GHULYHGVDPSOHVSUHVHQWDVPDOOHUDD[LVOHQJWKDQGDELJJHUFD[LVOHQJWKWKDQWKH665GHULYHGVDPSOHV7KLVUHVXOWFRXOGEHDWWULEXWHGWRWKHIDFWWKDWWKHDODWWLFHSDUDPHWHULVPRUHVHQVLWLYHWRWKH=QFRQWHQW>@ZKHUHDVWKHVXEVWLWXWLRQRI2E\1PD\RFFXUDORQJWKHFD[LV>@7KH SUHVHQFH RI LQFRUSRUDWHG QLWURJHQ DVVRFLDWHGZLWK WKH GHFUHDVH RI R[\JHQ FRQWHQW ZDV FRQÀUPHG E\FRPSRVLWLRQ DQDO\VLV IRU WKH 33 DQG 665 VDPSOHV EHIRUHDQG DIWHU QLWULGDWLRQ )LJ D$W  & WKH DPRXQW RILQFRUSRUDWHGQLWURJHQLVZW1ZW2IRU33GHULYHG VDPSOH DQG  ZW1  ZW2 IRU 665
GHULYHGVDPSOH7KHLQFUHDVHRIWKHQLWULGDWLRQWHPSHUDWXUHVOLJKWO\ LQÁXHQFHG WKH QLWURJHQ DQG R[\JHQ FRQWHQWV IRUERWKVDPSOHVUHVXOWLQJLQZW1DQGZW2IRU33GHULYHGVDPSOHDQGZW1DQGZW2IRU665GHULYHGVDPSOHDW&7KH('6DQDO\VLV)LJEVKRZHGWKDWEHIRUHQLWULGDWLRQWKH *D=Q UDWLR ZDV LQ DJUHHPHQW ZLWK WKH R[LGH IRUPXODXVLQJERWK665DQG33PHWKRGV$=Q ORVVZDVREVHUYHGDIWHUQLWULGDWLRQIDYRUHGE\WKHLQFUHDVHRIWHPSHUDWXUH)RU33GHULYHGVDPSOHVWKH=QORVVLVPXFKPRUHSURQRXQFHGDQGVWURQJO\GHSHQGHQWRQWKHWHPSHUDWXUH*D=Q DQGDW&DQG&UHVSHFWLYHO\IRU665GHULYHGVDPSOHV WKHVH YDOXHV DUH  DQG  UHVSHFWLYHO\$VD FRQVHTXHQFH VDPSOHV SUHSDUHG E\ WKH 33 PHWKRG VKRZD YDULHW\ RI FRPSRVLWLRQV ZKLFK FDQ OHDGV WR GLIIHUHQFHVLQ SKRWRFDWDO\WLF DFWLYLW\ RU VHQVLQJ EHKDYLRU 'XULQJ WKH=Q*D2QLWULGDWLRQVSLQHOWRZUW]LWHSKDVHWUDQVIRUPDWLRQLV FRUUHODWHG WR WKH OHQJWKHQLQJ RI WKH =Q2 ERQG ZKLFKFRXOGOHDGWRLWVEUHDNDJHIDYRULQJWKHORVVRI=Q7KXVLQ33 VDPSOHV WKLV =Q2 HORQJDWLRQ DQG EUHDNDJH LV IDYRUHG>@7KH HVWLPDWHG FRPSRVLWLRQV FDOFXODWHG IURP WKHFKHPLFDO DQDO\VLV RI WKH VDPSOHV QLWULGHG DW & DQG&DUHVXPPDUL]HGLQ7DEOH,,7KH33GHULYHGVDPSOHVFOHDUO\FRQWDLQDVPDOODPRXQWRIFDWLRQYDFDQFLHVVLPLODUO\WR VRPH OLWHUDWXUH GDWD ZKLFK XVH WKH FLWUDWH URXWH >@7KHVHYDFDQFLHVDUHXVXDOO\QRWREVHUYHG IRUJDOOLXPR[\QLWULGHV SUHSDUHG E\ QLWULGDWLRQ RI SUHFXUVRUV REWDLQHGE\VROLGVWDWHUHDFWLRQ>@)LJV  DQG  VKRZ 6(0 PLFURJUDSKV RI =Q*D21REWDLQHG IURP =Q*D2 SUHSDUHG E\ 33 DQG 665 URXWHVDQG QLWULGHG DW  & DQG  & UHVSHFWLYHO\ )RU 33GHULYHG VDPSOHV WKH DPPRQRO\VLV UHDFWLRQ LQFUHDVHV WKHSRURVLW\RIWKHODUJHDJJUHJDWHVXQWLOWKHLUUXSWXUHSURYLGLQJVPDOOHU DJJUHJDWHV RU HYHQ LVRODWHG SDUWLFOHV )LJ  $WWKHVDPHWLPHIRUPDWLRQRISODWHOLNHSDUWLFOHVRFFXUV)RU665 GHULYHG VDPSOH DJJORPHUDWHV DUH VWLOO REVHUYHG ZLWKD PHDQLQJIXO FKDQJH LQ WKH SDUWLFOH PRUSKRORJ\ DV URXQGSDUWLFOHVDUHVXEVWLWXWHGE\SODWHOLNHRQHVDIWHUQLWULGDWLRQFRPSDULVRQ )LJV G DQG G ,QFUHDVLQJ WKH QLWULGDWLRQWHPSHUDWXUH WR  & FDXVHV PHDQLQJIXO LQFUHDVH RI WKH
7DEOH,,/DWWLFHSDUDPHWHUVcHVWLPDWHGFRPSRVLWLRQVFDOFXODWHGDFFRUGLQJWR5HIV>@DQGVSHFLÀFVXUIDFHDUHDPJRI=Q*D21REWDLQHGE\QLWULGDWLRQDWGLIIHUHQWWHPSHUDWXUHVRI33DQG665VDPSOHV>7DEHOD ,, 3DUkPHWURVGHUHGHcFRPSRVLomRHVWLPDGDFDOFXODGDGHDFRUGRFRP>@HiUHDGHVXSHUItFLH HVSHFtÀFD PJ GR=Q*D21REWLGRSRUPHLRGDQLWUHWDomRDGLIHUHQWHV WHPSHUDWXUDVGDVDPRVWUDVREWLGDVSHORVPpWRGRV33H665@
=Q*D21 DODWWLFHSDUDPHWHU FODWWLFHSDUDPHWHU (VWLPDWHGFRPSRVLWLRQ VXUIDFHDUHDPJ
33GHULYHGVDPSOH&&   *D=Q 12*D=Q 12





)LJXUH  6(0 PLFURJUDSKV RI =Q*D21 RI 33 GHULYHG VDPSOHVREWDLQHGDIWHUQLWULGDWLRQDW&DDQGEDQG&FDQGG>)LJXUD  0LFURJUDÀDV REWLGDV HP PLFURVFySLR HOHWU{QLFR GHYDUUHGXUDGDVDPRVWUDVGH=Q*D21REWLGDVDSDUWLUGDVDPRVWUDVSURGX]LGDVSRU33DSyVQLWUHWDomRD&DHEH&FHG@
)LJXUH  6(0 PLFURJUDSKV RI =Q*D21 RI 665 GHULYHG VDPSOHVREWDLQHGDIWHUQLWULGDWLRQDW&DDQGEDQG&FDQGG>)LJXUD  0LFURJUDÀDV REWLGDV HP PLFURVFySLR HOHWU{QLFR GHYDUUHGXUDGDVDPRVWUDVGH=Q*D21REWLGDVDSDUWLUGDVDPRVWUDVSURGX]LGDVSRU665DSyVQLWUHWDomRD&DHEH&FHG@
-)')LJXHLUHGRHWDO&HUkPLFD

DPRXQWRISODWHOLNHSDUWLFOHVGXH WR WKHFRDUVHQLQJRI WKH=Q*D21JUDLQVLQWKH33GHULYHGVDPSOHV)LJVFDQGGPDNLQJ WKH PLFURVWUXFWXUH UHVHPEOH WKDW RI 665 GHULYHGSRZGHU)LJVFDQGG6XFK D PRUSKRORJ\ ZLWK LUUHJXODUO\ VKDSHG SDUWLFOHVZDVREWDLQHGDIWHUQLWULGDWLRQDW&IRUKRI=Q*D2SUHSDUHGE\FRQYHQWLRQDOFHUDPLFPHWKRG>@7KHVWURQJLQÁXHQFHRIWKHVWDUWLQJPDWHULDOVZDVREVHUYHGLQFDVHRIDQLQLWLDOPL[WXUHRI=Q2*D2>@,QSDUWLFXODUWKHDXWKRUVVKRZHG WKDW WKH PRUSKRORJ\ RI =Q*D21 ZDV VWURQJO\GHSHQGHQWRIWKHLQLWLDOPRUSKRORJ\RI=Q2EXWXQDIIHFWHGE\WKH*D2SRO\PRUSK,QWKHSUHVHQWZRUNZHREVHUYHGWKDW WKH PLFURVWUXFWXUH LV VHQVLWLYH WR WKH SUHFXUVRU R[LGHPRUSKRORJ\ PDLQO\ IRU ORZ QLWULGDWLRQ WHPSHUDWXUHV DQGLV DOPRVW QRW LQÁXHQFHG IRU KLJK QLWULGDWLRQ WHPSHUDWXUHV7KH QLWULGDWLRQ VWURQJO\ PRGLÀHV WKH VXUIDFH VWUXFWXUH RIWKH LQLWLDOSRZGHUVDQGFRQVHTXHQWO\ WKHLU VSHFLÀFVXUIDFHDUHD DV VKRZQ LQ 7DEOH ,, )RU D QLWULGDWLRQ DW  &WKH VXUIDFHDUHD LV VWURQJO\ LQFUHDVHGPDLQO\ IRU WKH665GHULYHGVDPSOHV1HYHUWKHOHVV=Q*D21SUHSDUHGIURP33R[LGH SUHVHQWV D YDOXH  WLPHV KLJKHU  PòJ WKDQ WKHRQH REWDLQHG IRU WKH 665 GHULYHG VDPSOH  PJ 7KLVKLJK YDOXH GHFUHDVHV ZKHQ QLWULGDWLRQ RFFXUV DW  & PòJ DQG EHFRPHV FORVHU WR WKH YDOXH REWDLQHG IRUWKH665GHULYHGVDPSOH PòJ LQDJUHHPHQWZLWK WKH6(0REVHUYDWLRQV$GHFUHDVHRIWKHVXUIDFHDUHDRI*D21GHULYHGIURP*D2+ZLWKWKHLQFUHDVHRIWKHQLWULGDWLRQWHPSHUDWXUHZDVDOVRREVHUYHGPòJDQGPòJ DW&DQG&IRUKUHVSHFWLYHO\>@7KHDXWKRUVDWWULEXWHGWKLVUHVXOWWRWKHFRDOHVFHQFHRISDUWLFOHVDWKLJKWHPSHUDWXUH $ VXUIDFH DUHD RI  PòJ IRU *D21 DIWHUQLWULGDWLRQDW&IRUKRI1L*D2SUHSDUHGE\FLWUDWHURXWHZDVREVHUYHG>@ZKHUHDVYDOXHVDURXQGPòJZHUHREVHUYHG IRU =Q*D21 SUHSDUHG IURP D PL[WXUH RI *D2DQG=Q2QLWULGHGDW&IRUK>@)URPOLWHUDWXUHGDWDDQGUHVXOWVREWDLQHGLQWKLVZRUNLWFOHDUO\DSSHDUVWKDWDKLJKVSHFLÀFVXUIDFHDUHDLPSRUWDQWIRU SKRWRFDWDO\VWV DQG VHQVRUV FDQ EH REWDLQHG SURYLGLQJWKDW QLWULGDWLRQ LV SHUIRUPHG DW ORZ WHPSHUDWXUH ZKLFKLV PXFK HDVLHU ZKHQ WKH SUHFXUVRUV XVHG DUH SUHSDUHGE\ VRIW FKHPLVWU\ EHFDXVH WKH\ DUH PRUH VXVFHSWLEOH IRUWKH DPPRQRO\VLV UHDFWLRQ DV D FRQVHTXHQFH RI D SRURXVPRUSKRORJ\6WXGLHVRQWKHLPSDFWRI WKHVHFKDUDFWHULVWLFVRQWKHLUSURSHUWLHVLQSDUWLFXODUIRUJDVVHQVRUDSSOLFDWLRQVDUHLQSURJUHVV
&21&/86,216
=LQF JDOOLXP R[\QLWULGHV =Q*D21 ZHUH VXFFHVVIXOO\SUHSDUHG IURP =Q*D2 V\QWKHVL]HG E\ WKH SRO\PHULFSUHFXUVRU PHWKRG 33 DQG E\ VROLG VWDWH UHDFWLRQ 6657KH XVH RI WZR V\QWKHVLV URXWHV OHG WR =Q*D2 ZLWKGLIIHUHQWPRUSKRORJLHVZKLFKGLUHFWO\DIIHFWHGWKHGLIIXVLRQRI 1+ DQG FRQVHTXHQWO\ WKH QLWULGDWLRQ HIÀFLHQF\ 7KHSRURVLW\RIDJJUHJDWHVRIWKH33GHULYHGVDPSOHVDOORZVWKDWWKHDPPRQRO\VLVRFFXUVWKURXJKRXWWKHVDPSOHZLWKVSLQHOFRQVXPSWLRQDW WHPSHUDWXUHVDV ORZDV&0RUHRYHU
FU\VWDOOLQH =Q*D21 ZLWK KLJK VSHFLÀF VXUIDFH DUHD ZDVDOUHDG\REWDLQHGDW&&RQFHUQLQJSDUWLFOHPRUSKRORJ\33 DQG 665 GHULYHG VDPSOHV SUHVHQWHG YHU\ GLIIHUHQWPRUSKRORJLHVZKHQQLWULGDWLRQWRRNSODFHDW&KRZHYHULWEHFDPHTXLWHVLPLODUZKHQKLJKHUWHPSHUDWXUH&ZDVHPSOR\HG
$&.12:/('*(0(176
7KH DXWKRUV DFNQRZOHGJH &$3(6&2)(&8%
3URMHFW  )$&(3( 3URMHFW $34 




>@61DNDPXUD06HQRK1,ZDVD6KLQLFKL1DJDKDPD$SSO3K\V/HWW>@ 6 1R]DNL + )HLFN  ( 5 :HEHU 0 0LFRYLF &1JX\HQ$SS3K\V/HWW>@'6/HH-+/HH<+/HH''/HH6HQV$FWXDWRUV%>@0)OHLVFKHU+0HL[QHU-$SSO3K\V>@ 0 .HUODX 2  0HUGULJQDF&RQDQHF 3 5HLFKHO 1%kUVDQ8:HLPDU6HQV$FWXDWRUV%>@;&DLOOHDX[0G&0DUFRGH/XFDV20HUGULJQDF&RQDQHF)7HVVLHU.1DJDVDND6.LNNDZD-3K\V'>@&&+X+7HQJ-3K\V&KHP&>@ 6 .LNNDZD . 1DJDVDND 7 7DNHGD 0 %DLOH\ 76DNXUDL < 0L\DPRWR - 6ROLG 6WDWH &KHP  >@ 6 .LNNDZD 6 2KWDNL 7 7DNHGD $ <RVKLDVD 76DNXUDL<0L\DPRWR-$OOR\V&RPSG>@6<DPDPRWR6.LNNDZD<0DVXEXFKL77DNHGD+:ROII5'URQVNRZVNL$<RVKLDVD6ROLG6WDWH&RPPXQ>@6<DPDPRWR 6.LNNDZD<0DVXEXFKL77DNHGD02NXEH$<RVKLDVD0/XPH\5'URQVNRZVNL0DWHU5HV%XOO>@&&+X<//HH+7HQJ-3K\V&KHP/HWW>@$ 0L\DDNH< 0DVXEXFKL 7 7DNHGD 6 .LNNDZD 0DWHU5HV%XOO>@.0DHGD77DNDWD0+DUD16DLWR<,QRXH+.RED\DVKL.'RPHQ-$P&KHP6RF>@ 0<DVKLPD  . 0DHGD . 7HUDPXUD 7 7DNDWD .'RPHQ&KHP3K\V/HWW>@.0DHGD.7HUDPXUD77DNDWD0+DUD16DLWR.7RGD<,QRXH+.RED\DVKL.'RPHQ-3K\V&KHP%>@ 0 0DUWLQ 5 'URQVNRZVNL - -DQHN .' %HFNHU'5RHKUHQV-%UHQGW0:/XPH\/1DJDUDMDQ,9DORY$%RUJHU3URJU6ROLG6WDWH&KHP>@ ; 6XQ . 0DHGD 0/ )DXFKHXU . 7HUDPXUD .'RPHQ$SSO&DWDO$
-)')LJXHLUHGRHWDO&HUkPLFD

>@7+LVDWRPL.0DHGD'/X.'RPHQ&KHP6XV&KHP>@.0DHGD.'RPHQ&KHP0DWHU>@ + &KHQ : :HQ  4 :DQJ  - & +DQVRQ - 70XFNHUPDQ ( )XMLWD $ , )UHQNHO - $ 5RGULJXH] -
3K\V&KHP&>@03HFKLQL863DWHQW>@=;X</L=/LX=;LRQJ0DWHU6FL(QJ%>@5'6KDQQRQ$FWD&U\VWDOORJUVHFW$5HF$F
-)')LJXHLUHGRHWDO&HUkPLFD
$QR/,;9RO$%50$,-81,661
&HUkPLFD
&DUDFWHUL]DomRGHPDVVDVFHUkPLFDVGRHVWDGRGH63DXORSDUDSURGXomRGHDJUHJDGRVOHYHVSDUDFRQFUHWR
63DXORVWDWHFHUDPLFPDWHULDOFKDUDFWHUL]DWLRQIRUWKHSURGXFWLRQRIFRQFUHWHOLJKWZHLJKWDJJUHJDWH
%&6DQWLV(36LFKLHUL-$5RVVLJQROR*)HUUHLUD-)LRUHOOL
+LGUDWDomRGDPDJQpVLDHVHXHIHLWROLJDQWHHPFRQFUHWRVUHIUDWiULRVVHPFLPHQWR
0DJQHVLDK\GUDWLRQDQGLWVELQGHUHIIHFWRQFHPHQWIUHHUHIUDFWRU\FDVWDEOHV
706RX]D0$/%UDXOLR3%RQDGLD9&3DQGROIHOOL
$OXPLQDWRVGHFiOFLRHVHXSRWHQFLDOSDUDDSOLFDomRHPHQGRGRQWLDHRUWRSHGLD&DOFLXPDOXPLQDWHVSRWHQWLDOIRUHQGRGRQWLFVDQGRUWKRSHGLFDSSOLFDWLRQV
//0)3RPSHX*/6DQWRV9&3DQGROIHOOL,52OLYHLUD
$OWHUDomRGDVXSHUItFLHGHYHODVFHUkPLFDVSRURVDVFRPHUFLDLVSRUSURFHVVRVROJHOYLVDQGRRDXPHQWRGDRUJDQRÀOLFLGDGH&KDQJHVRQVXUIDFHRIFRPPHUFLDOFHUDPLFÀOWUDWLRQFDQGOHVYLDVROJHODLPLQJDWDQLQFUHDVHLQRUJDQRSKLOLFLW\&5$OYHV2%*$VVLV
(VWXGRGDLQÀXrQFLDGDDGLomRGHFLQ]DVGHFDUYmRPLQHUDOQDVSURSULHGDGHVGDFHUkPLFDYHUPHOKD
6WXG\RIWKHLQÀXHQFHRIWKHDGGLWLRQRIPLQHUDOFRDODVKRQWKHSURSHUWLHVRIUHGFHUDPLFV
7/=DQLQ:.OLW]NH/)//X]-U
&RQGXWLYLGDGHHOpWULFDGH&H2PRO*G2[PRO6P2[(OHFWULFDOFRQGXFWLYLW\RI&H2PRO*G2[PRO6P2[+($UDXMR'3)GH6RX]D
(VWXGRGHFDUDFWHUL]DomRGHDUJLODVQmRSOiVWLFDVGDUHJLmRGH3RoRVGH&DOGDV0*6WXG\RIWKHFKDUDFWHUL]DWLRQRIQRQSODVWLFFOD\VIURP3RoRVGH&DOGDV0*%UDVLO6&0DHVWUHOOL&'5RYHUL$*31XQHV/0)DXVWLQR*)$LHOR/3$3LQWR&0DQRFKLR70/&DO))5LEHLUR1$0DULDQR
1HZPHWKRGRORJ\IRUDIDVWHUV\QWKHVLVRI6U6Q2E\WKHPRGL¿HG3HFKLQLPHWKRG1RYDPHWRGRORJLDSDUDVtQWHVHUiSLGDGH6U6Q2SHORPpWRGR3HFKLQLPRGL¿FDGR*//XFHQD--16RX]D$60DLD/(%6ROHGDGH(/RQJR$*6RX]D,0*6DQWRV
)LULQJWUDQVIRUPDWLRQVRIDQDUJHQWLQHDQFDOFDUHRXVFRPPHUFLDOFOD\7UDQVIRUPDo}HVGHTXHLPDGHXPDDUJLODGHFDOFiULRFRPHUFLDODUJHQWLQR0)6HUUD06&RQFRQL*6XDUH]()$JLHWWL105HQGWRUII
6WUXFWXUDODQGPDJQHWLFLQYHVWLJDWLRQRI&D0Q5H2GRSHGZLWK&H,QYHVWLJDomRHVWUXWXUDOHPDJQpWLFDGH&D0Q5H2GRSDGRFRP&H-%'HSLDQWL07'2UODQGR$6&DYLFKLQL+36&RUUrD9$5RGULJXHV-/3DVVDPDL(/23LHGDGH+%HOLFK()0HGHLURV)&/GH0HOR
=LQFJDOOLXPR[\QLWULGHSRZGHUVHIIHFWRIWKHR[LGHSUHFXUVRUV\QWKHVLVURXWH3yVGHR[LQLWUHWRGH]LQFRHJiOLRHIHLWRGDURWDGHVtQWHVHGRy[LGRSUHFXUVRU-)')LJXHLUHGR9%RXTXHW6'pSXWLHU20HUGULJQDF&RQDQHF,3HURQ(30DULQKR$*6RX]D,0*6DQWRV0*XLOORX[9LU\,7:HEHU
,QÀXrQFLDGDVYDULiYHLVGHSURFHVVRQDREWHQomRGHDUJLODVRUJDQRItOLFDV
,QÀXHQFHRIWKHSURFHVVYDULDEOHVRQREWDLQLQJRUJDQRFOD\V
+6)HUUHLUD/)$&DPSRV550HQH]HV-0&DUWD[R/1/6DQWDQD*$1HYHV+&)HUUHLUD
(QWDOKDPHQWRGHFHUkPLFDVSDUDPHGLGDGHWHQDFLGDGHjIUDWXUDSHORPpWRGR6(91%1RWFKLQJRIFHUDPLFVDVSUHSDUDWLRQRIVSHFLPHQVIRUIUDFWXUHWRXJKQHVVPHDVXUHPHQWVXVLQJWKH6(91%PHWKRG65LEHLUR,$WtOLR052OLYHLUD*&5*DUFLD-$5RGULJXHV
&DUDFWHUL]DomRGDSHURYVNLWD&D&X7L2FRQVROLGDGDSRUVLQWHUL]DomRDVVLVWLGDSRUFDPSRHOpWULFR&KDUDFWHUL]DWLRQRIWKHSHURYVNLWH&D&X7L2FRQVROLGDWHGE\ÀHOGDVVLVWHGVLQWHULQJ(GH&DUYDOKR0%HUWROHWH,)0DFKDGR(160XFFLOOR
0RGHODJHPPDWHPiWLFDGHXPIRUQRURWDWLYRHPSUHJDGRQDSURGXomRGHFOtQTXHU0DWKHPDWLFDOPRGHOLQJRIDURWDU\NLOQHPSOR\HGLQWKHFOtQNHUSURGXFWLRQ'&45RGULJXHV$36RDUHV-U()&RVWD-U$26&RVWD
'HVHQYROYLPHQWRGHDGRTXLPFHUkPLFRFRPDUJLODVFDXOLQtWLFDVFKDPRWHHDUJLOLWR'HYHORSPHQWRIFHUDPLFSDYHUZLWKNDROLQLWLFFOD\VJURJDQGDUJLOOLWH96&DQGLGR503LQKHLUR610RQWHLUR&0)9LHLUD
,QYHVWLJDomRGDUHDWLYLGDGHHGDFLQpWLFDGHGLVVROXomRGRPHWDFDXOLPHPiFLGRVXOI~ULFR
,QYHVWLJDWLRQRIUHDFWLYLW\DQGGLVVROXWLRQNLQHWLFVRIPHWDNDROLQLQVXOIXULFDFLG
3($GH/LPD56$QJpOLFD76FKHOOHU5)1HYHV
7KHUPRG\QDPLFDQDO\VLVRIVWDELOLW\LQLURQUHPRYDOIURPNDROLQE\XVLQJR[DOLFDFLG
$QiOLVHWHUPRGLQkPLFDGDHVWDELOLGDGHGDUHPRomRGRIHUURGRFDXOLPXVDQGRiFLGRR[iOLFR
&2FDPSR/ySH]0(5DPtUH]&DUPRQD(9pOH]2UWL]
&DUDFWHUL]DomRWHFQROyJLFDGHXPFDOFiULRGRORPtWLFRLQQDWXUDFDOFLQDGRHVXOIDWDGRFRPRPHLRGHVVXOIXUDQWH
7HFKQRORJLFDOFKDUDFWHUL]DWLRQRILQQDWXUHFDOFLQHGDQGVXOIDWHGGRORPLWLFOLPHVWRQHDVPHDQVWRGHVVXOIXUDWLRQ
)GH6RX]D65%UDJDQoD
$YDOLDomRGDFDSDFLGDGHGHDGVRUomRGRFRUDQWHD]XOGHPHWLOHQRHPVROXomRHVDTXRVDVHPFDXOLQLWDQDWXUDOHLQWHUFDODGDFRPDFHWDWRGHSRWiVVLR(YDOXDWLRQRIWKHFDSDFLW\RIDGVRUSWLRQRIPHWK\OHQHEOXHGLHLQDTXHRXVVROXWLRQVLQQDWXUDONDROLQLWHDQGLQWHUFDODWHGZLWKSRWDVVLXPDFHWDWH632OLYHLUD://6LOYD559LDQD
,QÀXHQFHRIGLRSVLGHIHOGVSDUUDWLRLQFHUDPLFUHDFWLRQVDVVHVVHGE\TXDQWLWDWLYHSKDVHDQDO\VLV;UD\GLIIUDFWLRQ5LHWYHOGPHWKRG
,QÀXrQFLDGDUD]mRGLRSVtGLRIHOGVSDWRHPUHDo}HVGHFHUkPLFDEUDQFDDYDOLDGDSRUDQiOLVHTXDQWLWDWLYDGHIDVHVGLIUDWRPHWULDGHUDLRV;PpWRGRGH5LHWYHOG
/.X]PLFNDV)5'$QGUDGH*$-6]DEy-)00RWWD0&DEUDO-U
